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— Validation (comparison with experimental data)

Review Sept. 2009 test

— High beam data from DAQ

— Tilts at high gradient

— Avoid quenches by lowering gradients
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What does this mean for ILC/XFEL ?

— How critical is LFD ?
— What (motorized) knobs ?



Simulation Model
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Solving the RLC electrical model of a cavity = 2"9 order differential equation
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V(t) + QLV(t) + WiV () =

1t order solution to the equation above:
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* “Vector Sum Control of Pulsed Accelerating Fields in Lorentz Force
Detuned Superconducting Cavities” , T. Schilcher PhD Thesis, 1998




Waveguide distribution for klystron #

Cavity Q,, Py Cavity Q,, P Cavity Q,, Py
[ ACC4 23 MV/m j [ ACC5 24 MV/m j [ ACC6 27 MV/m ]
3 stub | 3 stub mot.| couplers

1.5 MW 1.6 MW 2.2 MW
AST 2.4 dB
5
oo
3.8dB

3.8 MW 2.4 dB

27.6m 428 m

2.9 MW
1.6 MW 4.2 MW
3.7 MW

: |- _____ Hybrid power
3dB hybrid distribution
= ACC4/ACC56

| 37 MW Phaseshifter
2.9 MW




ACC4 218 Mvim | 181 MeV Max 191 Mev A 10
Pin, MV [RF power  OK__| setup from 08/24/2009
Qext 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
A, dB 95 9.5 95 95 9.5 95 95 95
A [Kiystron) 15.1 15.1 15.1 15.1 15.1 15.1 15.1 15.1
Peay, ki 1697 1697 1697 1697 1697 1697 1697 1697 1357 9 155
Ecav, MV/m 2185 2185 2185 2185 2185 2185 2185 2185 218 MV/m
| match 730 730 7.30 730 730 7.30 7.30 7.30
Ecav, max 23 23 23 23 23 23 23 23 230
L
ACC5 226 Mvim | 187 MeV Max 231 Mev A 44
Pin, My [RF power  OK |
Qext 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
A, dB 967 964 961 9.53 934 9.35 9.38 9.39
A (Klystron) 1487 1484 1481 14.73 1454 1455 1458 1459
Pcav, kKW 1735 1747 1758 1792 187.2 1868 1855 1851 1447 8 160
Ecav, MV/m 2200 2217 2224 2245 2295 2292 2284 2281 22 6 MV
| match 738 740 743 750 766 765 762 762
Ecav, max 29 27 28 78 29 28 28 26 279
L
ACC6 265 Mvim | 220 MeV Max 238 Mev A 18
Pin, MY |RF power 0K |
Qext 295 297 3.00 298 3.00 2.08 2.99 298 11/21/2007
A, dB 7.85 754 516 831 1237|1203 1028 1037
A, (Kystron) 1165 1134 1196 1211 16.07) 1583 1408 1417
Peav, ki 3576 3840 3329 3215 1202 1366 2043 2002 2066 5 113
Ecav, MV/m 3182 3293 3060 3012 1906 1962 2399 2376 6.5 MV/rm
| match 1081 1111 1022 1013 6.37 6.60 8.04 7.99
Ecav, max 34 32 34 32 21 21 29 26 28 6

Sep

ACCa
cavities
have
motorized
3-stub

ACC5 cavities
have
motorized 3-
stub tuners

ACC6 cavities
have
motorized
couplers and
phase shifters
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gradient [MV/m]

35

(&
o

M
Cn

M
o

—
n

—
=

|:| auto e =17 27 MWV ACCASE | FLASH
| | |
FLASH data: VS(ACC456) = 17.91 MV/m
[ Simulation data: VS(ACC456) = 17.27 MV/m |
i v T~ mag =TT \u.,, |
/ e P "::':'E‘E‘::-;.__-\x ™~
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| | | [ ]auto x
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time [ps]
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FLASH data from Aug. 27" 2009, 2:20 am




Review of Sept. 09 studies
(beam loading on high gradient cavities)

Validated simulator (without beam)

— Tuned to match FLASH ACC4, ACC5, and ACC6, according to setup
from 08/24/2009 (Q,’s, Py’s)

— Verified cavity gradients against experimental data

Simulator predicts cavity guench for 9mA current for high gradient
cavities

— During Sept. test, gradient was lowered to prevent quenching

Based on simulations, a solution is proposed to operate at higher
gradient while preventing high gradient cavities to quench

— Redistributing power among ACC4 and ACC56 (hybrid)
— Adjusting QL for cavities 1-4 in ACC6 (not flat with zero beam)

— The adjustments were tested without beam (Aug. 26 remote study) but
not with beam v



gradient [MV/m]

35

2
=

~J
on

~J
=

—
on

—
(]

[ ] auta v C s =23.40 M)

With Aug. 24" 2009 FLASH settings

aCcass | FLAZH
— ' ' |
7
| | | []auta X
0 500 1000 1500 2000
time [ps]




gradient [MV/m]
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[ ]auto v We = 340 MW m ACCdss s FLASH
T _ L .....‘_-______...-.\k |:|
9mA beam
| | | |:| aLto X
500 1000 1500 2000
time [us]

With Aug. 24" 2009 FLASH settings




gradient [MV/m]
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gradient [MV/m]
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FLASH data from Sept. 215t 2009, 2:50 am



gradient [MV/m]
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FLASH data from Sept. 215t 2009, 2:50 am
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Proposed Studies

) Cavity Simulator,

— Beam — Generator — Timing

SIMCAY
PKT = 4630 KW delay : | 200 = "
| | 1| | r‘ -
filltime : | 500 Lsec #
ratio ampl = 0.49
flsttop: | 800 | usec wersion 3.2

J I d
ratio phaze = 0 deg
I —

sample time ;. | 1450 | uzec

[Jauta Ve =23.40 Mvim  PKT = 4630 kWY aCC4s6 | FLASH ACC4 3B hybrid  ACCSE
35 T T T T T T T T T I:‘ Crvumudule .| ACCE b 54 dB 4 » A5 dB
ok Y lim Gl Pk Det Offzet Plat Powver
230 | Mvim | 300 |x10%6 | 950 | @B | 000 |Hz | 0.00 |deg [] 341 ki
2B+
230 | Mvim | 300 |%10% | 950 |gB | 000 |Hz | 0.00 |deg [] 367k
£
= 20+
2 230 | Myvim | 300 |[wios | 950 |oB | 000 |Hz | 000 |deg [] 3Gk
=
=
2 15f (4] 250 |mwim | 300 |x1006 | 950 | g | 000 |Hz | 000 |deg [] 307k
™
gl 230 | Mvim | 300 |x10% | 9.50 | @B | 000 |Hz | 0.00 |deg [] 123k
| (6] 230 | mvim | 300 |xio0e | 950 |eB | 000 |Hz | 0.00 |deg [] 130k
230 |Mwim | 300 [wio | 950 (@B | 000 |Hz | 000 |deg [] 195kw
. | | | | | . [ auto x
0 800 1000 1200 1400 1600 1800 2000 o0
time [us] 230 |Mvim | 300 [wioes | 950 |gB | 000 |Hz | 000 |deg [] 191 kw
cav 1 cay 2 cay 3 cay 4 cay 5 cav 6 cay ¥ cay &
RLIM Amplitucle b

ACCA 21,75 Mv'in 21.75 MW/m 2173 M 2173 Myim 21.75 My/m 2173 M 2173 Myim 21.75 My/m

lozd DA

ACCS 2176 Myvin 21 .83 Myim 2191 Myvin 2211 Mvin 22 60 Myim 2257 My 2249 Mivim 22.47 Mvim

default_params b ACCE 31.39 Myv'in 3258 MW/m 3041 My 2954 Mvin 18.95 My/m 1945 My 2381 Myv'im 23.54 Wv/m




Moving forward

* Proposed studies

— Rerun analysis with new RF distribution configuration for ACC4,
5,6and 7

— Machine Test

« Study impact of cavity detuning
— Roll over in gradient at the end of pulse

* Questions
— 20 MV/m - 31.5 MV/m
— How critical is LFD ?
— What automatic knobs do we really need ?
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Thank you!



Backup slides
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1st approach: individual Q,, individual P,
(optimized for max beam)

QLO [QLO J
— S
v — QL 2 Q -1 I:)k _ QL 4 QL
g LC Poo  Quo
. Optimized for flat individual gradient under maximum beam current
o Vs =28 MV/m o VST28MVIm
0 - T -
2B @ 25 |— -
BEAM OFF
= .
Ezi 204 g 0+
2 15} Vector sum 2 15} Vector sum
Individual cavities i Cavity quench
10F 101
W= 31 Myivm Q= 2 4x10F Fiy= 310 kW W= 31 Myl Q.= 2 4x10% Fig= 310 kW
sl W= 26 Miiivm Q= 4308 Py 257 kw 5l W= 26 Myivm Q= 43x10°F P 257 kW
DD 2EIIEI JlL'IID EL‘IIIZI EEEIIEI 1DIDD 12IEIEI 'lflIEIIZI 1E:ZIIZI 'IBIDEI 2EIIEIIZI IjEI 260 460 EI_lIIII BI_lIIII 1EI:IIEI 12IEIEI 14IEIEI 1E:ZID 18::"] 20
time  [paec) time [psec]
REFERENCE: “‘RF distribution optimization in the main linac of the ILC”
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gradient [Mw/m]

2nd approach: same Q; individual Py
(optimized for no beam)

Same Q, for all cavities (Q,=3 x 105)

ACC6 :[30.48 31.59 29.41 28.91 18.32 18.84 23.04 22.80] MV/m
Ibo = 5 mA, beam pulse = 0.65 ms

Adjust power to set cavities at maximum gradient without beam
40 - I A0 -

25 F a5 F

a cavity has gquenchedlll

0 L L L L L 1 L 0 1 1 1 1 1 1 1 1
d 200 400 8OO 8OO 1000 1200 1400 0 200 400 BOO 8O0 1000 1200 1400 1600
tire [us] time [ps]
REFERENCE: “XFEL waveguide distribution and more”, V. Katalev, 18

XFEL HLRF kick off meeting, 2007



gradient [M/m]

“Optimized”: same Q,, individual P
(optimized for any beam current)

.
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or or Vector sum

o P, drops by 4 | Individual cavities
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REFERENCE: “Operational Solution to Obtaining a Flat Vector Sum from Multiple Cavities

with Gradient Disparities”, J. Branlard, B. Chase, FNAL ILC DB doc # 480



Klystron

Problem Statement

3 knobs: - LLRF
- cavity coupler

- waveguide power coupler

AdeSt Prwp AdJUSt Prwo AdJUSt Prwo
Pk Pk, Pky
Adjust Adjust Adjust
coupling coupling coupling
m m QL
Cavity 1 Cavity 2 Cavity N
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Example 1: FLASH 9mA test at DESY

“no-beam” study - 8/27/2009

Simulator mimics power
distribution & coupling for ACC4,
Sand 6

Verification of simulated cavity
gradients vs. experimental data
without beam

Using simulator, predict behavior
with 9 mA beam current

Using simulator, propose tuning
scheme to avoid quench of “high-
gradient” cavities

Implement scheme and verify
cavity tilts

cavities with adjusted

coupler values
a0 T T .
beam OFF ACC6
25 -
e
201 ‘rf :
E /‘/f’,_ — ::;—q;_% .,
| /%’% R N N N
7 S NN
I e TN
or gy |
'y ‘ ‘ &
sl w  ----- simulation |
f%’ FLASH 8/27/09 2:02 am
I.:IT’_IIIIII 4IIIIIII EIIIIIII EHIIIIII 'IIII:IIIII 1E:IIIII 'lfl:IIIII 'IE:IIIII 1Ei:IIIII 2000

time [pLs]

titt up without beam —-> flat with beam.,;




Example 1: FLASH 9mA test at DESY
“high beam” study - 9/21/2009

Verification of model against
experimental data with 9mA beam

Could not implement optimized
scheme with beam
- lowered klystron power for safe

operation

Validate simulator as useful tool for
next test

. Vs =19 MV/m
beam ON : 9mA ACC456
a0k
"
28+
E
T 20F
=
__;.% el _———=e==
10} i .
o _ _ ___ simulation
A FLASH 9/21/09 2:50 am
vector sum
%EIIII 400 RO0 a0 1000 1200 1400 1800 1800 2000
time [ps]
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